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Abstract
Existing public transportation planning methods use a trip-based approach rather than a
user-based approach; a user-based approach is sensitive to a broader range of planning strategies
and policies, especially those that affect or take into consideration how users spend their time and
resources. Even though transportation planning agencies such as Metropolitan Planning
Organizations (MPOs) are required to strive for environmental and social justice, there is still a
gap that needs to be filled. Urban population growth and urbanization with its impact on public
planning require continuous research to address the constantly evolving challenges when it comes
to transportation. As cities grow, questions related to equity, accessibility, and systems
performance arise. Modern tools and techniques are available, allowing planners and decisionmakers to visualize and compute the effects of the current systems as well as create scenarios for
future decisions. The application of Geographic Information Systems (GIS) spatial analysis tools
allows for the development of a system that can incorporate equity as well as demographic and
environmental indicators into the planning process. Datasets for the analysis portion were retrieved
from freely available governmental sources such as the United States Census Bureau and the
Environmental Protection Agency (EPA). In addition, transportation data from General Transit
Feed Specifications (GTFS) was also incorporated into the analysis for the transportation portion.
The main objective of this study was to systematically consider the accessibility and coverage to
public transportation during the planning phase. Due to the existing tools within ArcGIS Pro, the
demographic and environmental indicators were combined with the transportation data to calculate
coverage and accessibility for the public transportation system in the City of El Paso, Texas. The
Location Quotient (LQ) was calculated as the main factor to measure accessibility and relationship
between demographics and their geographic location to identify vulnerable areas, it was identified
that a large number of low-income population does not have access to a bus stop within a 1-mile
walking distance cutoff. The results have shown how unequal spatial accessibility and coverage in
terms of public transportation can impact the underserved population.
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Chapter 1: Introduction

Transportation is a basic human right and fundamental necessity to everyday life. People
living in urban, suburban, and rural areas require some form of transportation to meet their basic
needs; getting to and from their job or school, buying groceries and other products, having those
products delivered, going to medical appointments, and visiting family and friends are only some
examples of everyday activities that require transportation (Fleming, 2018). The transportation
system in the United States has prioritized private on-road vehicles, with trillions of federal dollars
spent on roadways, parking infrastructure requirements, and fuel subsidies. Over 99% of the
vehicles currently on the road are powered by fossil fuels, making transportation the largest
contributor to carbon dioxide emissions of any major sector (U.S. Energy Information
Administration 2018). Transportation allows access to opportunities and freedom of movement
and choice. Even though there is a vast mixture of public transport and modes, inequality is still
present since growth for opportunities is given only in certain areas. This becomes even more
important when considering public transport, which should guarantee access to everyone
regardless of their social class, economic possibilities, demographic characteristics, and disability
conditions (Btesh, 2021).
Low accessibility is a primary constraint for transportation-disadvantaged groups; such
groups are often excluded from transport, not because they do not wish nor need to travel, but
because poor accessibility makes travel difficult (Btesh, 2021). Low-income, rural, and
underrepresented communities have less access to private and public transportation and spend
more of their income on transportation-related expenses. People in the bottom 20% income bracket
spend 42% of their annual budget on vehicle ownership – over double the national average
(Fleming, 2018). Inadequate knowledge, unjustifiable assumptions in modeling, uncertainty
regarding model validation, and lack of transparency have led to considerable skepticism with
planning (Farooq et al., 2018). Transit systems must consider the relationship between transit
access needs and regional demographics, labor patterns, and commuting strategies (U.S.
1

Department of Transportation 2020). The decisions of where transportation investments are made
shape residents’ quality of life and influence residents' ability to conveniently and safely access
opportunities (McKetney et al., 2021).
Several studies show that people living on the outskirts of an urban area or in rural areas
often have less access to socio-economic opportunities (Bhuyan et al., 2019; McKetney et al.,
2021; Tahmasbi et al., 2019; Zafirah et al., 2020). These groups often have a lower societal status
as well. State transportation departments have their own requirements and procedures for
identifying “communities of concern.” The definitions of people who are from low-income
communities and/or communities of color are generally consistent with those in the Federal
Highway

Administration

Environmental

Justice

Reference

Guide

(Federal

Highway

Administration 2015). State transportation departments typically define “low income” as family
income that is below the federal poverty level. Most state agencies designate low-income areas as
those where people with low incomes live in geographic proximity. In addition, state agencies
frequently define people who are part of a community of color based on specific racial or ethnic
identities, including people who are Black, Hispanic, Asian, American Indian, Alaska Native, and
Native Hawaiian, or other Pacific Islanders. Similar to disproportionately low-income
communities, these areas are usually defined as those where groups of people who meet the
definition of “minority” live in geographic proximity (Ezike et al., 2020). Transportation agencies
seldom considered the needs of low-income communities and communities of color before the
Civil Rights Act. After its passage, agencies were mandated to make those communities a priority,
and their strategies have changed over time (Ezike et al., 2020).
Numerous research studies have used GIS tools to analyze and organize transport networks
(Yhee et al., 2021). Different characteristics of public transport, including spatial coverage,
frequency, comfort, or fleet adaptation for disabled persons, may require detailed analysis, given
that they provide an understanding of the efficacy and equity of the service provided for the
citizens. However, limited research exists involving the use of GIS tools for studying the impact
of floating populations in mobility analyses and transport planning. This is primarily due to the
2

difficulty of quantifying tourist population flows and the areas where they tend to be concentrated
(Yhee et al., 2021). Due to the availability of modern tools and techniques, urban transportation
planning can be modeled with different scenarios as long as there is a wide availability of data to
simulate such prototypes. Transportation planning and modeling with GIS have made analysis
convenient and accessible; many real transportation problems can be analyzed, forecasted, and
simulated using GIS tools (Farooq et al., 2018).
This study evaluates equity in a city-scale analysis for El Paso, Texas. Equity analysis was
conducted by applying the Location Quotient (LQ) principle with different demographic and
environmental indicators as well as different geographic zones within the area of interest. In
addition to equity, accessibility was calculated using the Network Analyst tools on the ArcGIS Pro
suite to measure the percentage of the population having access to a bus station with 0.5- and 1.0mile walking distance cutoffs based on the methodology proposed by (Kimpel et al., 2007).
Accessibility is widely used in transportation planning and policy decisions, as it indicates the
ability to reach services or activities from a given location. It is a crucial factor in evaluating the
accessibility of the system. The study is based on the following questions:

•

What is the coverage of the public transportation system in the city of El Paso,
and how are vulnerable populations affected?

•

What are the geographic differences between demographic groups/indicators
in terms of their accessibility to public transportation?

•

To what extent the use of GIS can aid in the public transportation decision
making process based on equity and environmental justice?

3

The study presents a method to assess the equity of the Sun Metro public transportation
system using demographic and environmental indicators to explore trends and patterns within
different groups and their relationship to its geographic location. Additionally, this study provides
a GIS-based analysis for visualizing and calculating the coverage of the public transportation
system in the city.
Following the introduction, an intensive literature review is presented in Chapter 2.
Subsequently, Chapter 3 presents the proposed methodology and datasets and a description of the
study area. In Chapter 4, the GIS-based analysis is performed, and the results are discussed. Lastly,
Chapter 5 contains concluding remarks and future research.

4

Chapter 2: Literature Review

Equitable transportation has been a growing topic of interest in present days, given the
existing need to establish a universal framework and definition. Previous work shows that
researchers have focused on developing strategies to tackle some of the issues related to
transportation and disadvantaged populations. Even though it seems to be a problem that surfaced
recently, but its initial roots date back years ago and has remained active throughout history. The
incorporation of equity concerns into transportation planning in the United States dates back at
least to the Civil Rights Movement and the later passage of the Civil Rights Act in 1964 (Martens
& Golub, 2021). Federal law, as detailed in Title VI of the 1964 Civil Rights Act, requires
transportation departments and public transit agencies to consider the needs of underserved
communities by conducting environmental justice analyses (Ezike et al., 2020). Planners
prioritized routes that were least expensive and the most efficient, implementing their plans
without input from the communities through which highways were being routed. Urban renewal,
or using federal funds to “clean up” and rebuild impoverished neighborhoods, was facilitated by
the Highway Act, as well the Housing Act of 1949 and the Housing Act of 1954 (Ammon 2016).
Although using legal challenges to hold actors accountable for environmental racism has had
limited success, the adoption of Title VI of the Civil Rights Act in 1964 and Executive Order
12898 by President Bill Clinton in 1994 are considered by many to be the movement’s most
notable policy achievements. Importantly, these measures also formalized the need to provide
opportunities for all residents/communities to participate in the planning process (Ezike et al.,
2020). Communities of concern were defined in Title VI and Executive Order 12898 since
transportation agencies were mandated to define areas of high populations of underserved
communities such as people of low incomes and people of color. Concerns like participation of
5

groups traditionally marginalized in the transportation planning process, exposure to the
externalities of transportation systems, and the distribution of the costs and benefits of
transportation investments and policies were bought up several years ago (Martens & Golub,
2021).

Understanding Equitable Transportation

Equitable transportation is a broad concept that encapsulates a variety of factors such as location
and accessibility to facilities, allocation of funding, and job accessibility, among others. This
concept has been developed throughout time and has been broadly researched by Litman, 2014.
These factors are usually hard to measure and require a high level of understanding and backup
documentation to be able to actually “measure” their impacts. For years, top urban and
transportation planning researchers have focused on developing effective strategies for
transportation/land use coordination (TLC) and smart growth to achieve a wide range of goals
associated with livability (Appleyard et al., 2019). Access to current transportation systems is
vastly inequitable, leaving large percentages of the population without affordable access to public
transportation or vehicles necessary for employment opportunities and access to essential goods
and services (Fleming, 2018). Historically, access to transportation has not been enjoyed equally
by the entire population in the US for a variety of reasons, including housing discrimination
(Fleming, 2018). Understanding transportation needs not only requires studying transportation
systems but also demographics since every transportation group has different problems. Social
subpopulations in a community have preexisting differences, or socio-demographic
characteristics, which account for differential variations, and often socially vulnerable groups are
disproportionally affected (Coleman et al., 2020). In addition to that, every zone also has different
6

problems related to transportation. In an urban area, barriers may have probabilistic nature, with
random presence, random size, random shape, or random location. Thus, the existence of barriers
and their stochastic nature should be considered when modeling the location problem (Amiri-Aref
et al., 2019). Incorporating equity in transportation policies in cities is often challenging because
the built environment and land use naturally develop into centers and peripheries, and
infrastructure often is not spread equally across socio-demographic groups that diverge in their
ability and/or needs (Bhuyan et al., 2019).
Transportation equity is characterized by equal opportunities for different social groups
(especially disadvantaged groups) in traffic service quality and transportation accessibility (Li et
al., 2019). The main idea of developing a comprehensive framework is to highlight the importance
of examining different urban opportunities for different social groups using multiple thresholds for
equity concerns through the lens of equitable transportation, rather than providing exhaustive lists
of various opportunities by different social groups and the designed thresholds (Chen & Wang,
2020). Fairness or equity, as one of the principal objectives of sustainable development, fits into
the social aspect and a considerable amount of research work has been carried out focused on this
area and the related issues like urban studies, transportation, and public facilities and services
(Tahmasbi et al., 2019). An equitable transportation approach is needed to better prioritize
infrastructure and transportation investments based on societal impacts and needs. Nevertheless,
identifying effective interventions on current norms and regulations could also improve the quality
of life of vulnerable populations through transportation systems and infrastructure improvements.
In order to achieve a land use and transportation system which is aligned with sustainable
development policies, it is necessary to provide equitable access for all people to urban services
and opportunities (Tahmasbi et al., 2019).

7

Vulnerable Populations

People living in urban, suburban, and rural areas require some form of transportation to
meet their basic needs; getting to and from their job or school, buying groceries and other products,
having those products delivered, going to medical appointments, and visiting family and friends
are only some examples of everyday activities that require transportation (Fleming, 2018a).
Vulnerable populations, also referred to as disadvantaged transportation populations, are the focus
of this study. According to the FHWA, vulnerable populations are those classified as low-income
and minority. Low-income populations, which also are disproportionately people of color and
people with disabilities, spend the most amount of time and money on transportation, which further
burdens them financially. The same people also tend to live in areas that disproportionately suffer
from health consequences and other negative externalities, like noise pollution and increased
incidence of fatal traffic accidents, and health problems associated with transportation congestion
and emissions (Fleming, 2018). Low-income population relies on public transportation the most,
however they have less access than affluent communities (Sutedjo-The and Lee, 2018). Lowerincome households are also typically correlated with a lower education status (Flanagan et al.,
2020). For older people and people of all ages living with disabilities, safe and accessible
transportation facilitates access to life-enhancing opportunities such as employment, education,
health, and recreational activities (Tennakoon et al., 2020). Transportation equity should involve
transportation policies, facilities, and services that accommodate all users and additional resources
that may accommodate all kinds of users for transportation systems to be inclusive. Sociodemographic characteristics such as poverty, older age, living with disabilities, or language
barriers predispose people to transport disadvantage and reduce access to using available transport
facilities and options (Guimarães et al., 2019).
8

Historically black neighborhoods are more welcoming of pedestrian access, but bike lanes
are often perceived as white lanes. Minority persons (non-white) and low-income (below poverty
level) households are less likely to own a car and mostly depend on public or non-motorized forms
of transportation (Bhuyan et al., 2019). Marginalized populations need alternative modes of
transportation, these alternatives are usually adapted if they are cheaper, safer, and easy to access.
Population agglomeration, urban sprawl, exclusionary planning, and disproportionate investment
in transportation infrastructure created a socioeconomic imbalance in developing countries (Li et
al., 2019). Most of the middle and low-income populations commute to their destinations by public
transportation, and usually, their commuting time is the longest. This is so because persons differ
in how they value the many dimensions related to transport, ranging from travel costs and travel
time up to safety, as well as the destinations themselves, which in turn may translate into quite
distinct travel and activity patterns between and within population groups, even when they live in
the same area and have access to comparable transportation modes (Martens & Golub, 2021).
According to the findings from (Appleyard et al., 2019), the poorer and less powerful seem to have
diminished access to opportunities they can access to realize the key quality of life outcomes, such
as lower rates of obesity, cardiovascular disease, asthma, and even lower poverty and
unemployment rates. Correlating all these factors with transportation accessibility needs to be
approached by understanding how equitable a transportation system is.

Measuring Equity and Accessibility in Transportation

Transportation equity is classified primarily in two ways: horizontal and vertical.
Horizontal equity in transportation treats everybody equally in the planning process and
transportation service distribution. On the other hand, vertical equity is defined using specific
9

characteristics of the population, such as income and social class, mobility needs, and ability (Chen
& Wang, 2020). Most of the transportation policies are horizontally equitable if they are fairly
distributed among the servicing area, with all groups of people receiving similar allocations of
resources and bearing the equal cost. This indicates that the spatial distribution of public transport
facilities be equally accessible to all residents. However, accomplishing equal distribution in cities
is often more problematic because the built environment and land use naturally develop centers
and peripheries (Bhuyan et al., 2019). In horizontal equity, public facilities are allocated evenly to
groups regardless of their different characteristics unless subsidies are specifically defined
(Delbosc & Currie, 2011).
Vertical equity concerns differences in needs, income, and social class among individuals,
groups or geographic areas and considers this difference in the way impacts and benefits are
distributed. Progressive policies based on vertical equity regarding income and social class concern
about economically and socially disadvantaged groups’ affordability in traveling (Blumenberg,
2017). Similarly, progressive policies based on vertical equity regarding income and social class
consider economically and socially disadvantaged groups’ affordability in traveling (Blumenberg,
2017). Transportation equity should be evaluated by considering the multi-dimensions in grouping
populations and classifying trip destinations to capture both horizontal and vertical equity (Chen
& Wang, 2020). Public transport accessibility (PTA) is an essential index for evaluating the
efficiency of urban public transport resources and public services. Improving public transport
accessibility is considered as the most effective way of alleviating urban congestion and promoting
urban sustainability (Yang et al., 2019). Due to the availability of modern tools and techniques
such as Geographic Information System (GIS), measuring both horizontal and vertical
transportation equity is possible.
Geographic Information System (GIS)

10

The rapid advancement of information and communication technology (ICT) has brought
a revolution in the domain of transport research over the last decade. These range from public
transportation specific sources like smart cards used for automatic fare collection and global
positioning system (GPS) traces for automatic vehicle location (AVL) to more generic data like
digital footprints of mobile phone users, geocoded social media records, etc. (Zannat &
Choudhury, 2019). Other heterogeneous data sources include loop detectors (collects traffic data),
probe vehicles (measures traffic condition), Bluetooth (enumerates travel times or average speeds
and the associated variability), video cameras, GIS, street imagery such as Google Street View
(GSV), and Bing StreetSid (Zannat & Choudhury, 2019).
These data sources have unique attributes and advantages over traditional sources that
make the transportation planning process more accurate. One of the advantages is that big data
sources are updated, and sometimes it can be considered near to real-time spatial and temporal
information that was not possible to acquire through traditional methods such as face to face
interviews, travel diaries, and surveys. In addition, these big data sources contain a large amount
of information at an individual level with higher accuracy and lower cost, such as joining spatial
features to supplementary data as tables, polygons, or points (Zannat & Choudhury, 2019). For
this specific study, GIS techniques were applied for the analysis and ease of data availability.
GIS tools, data analytics, and learning algorithms could be used to detect complaint
patterns and predict future service disruptions, remedying the deficiencies of the current complaint
submission process by facilitating seamless, location-based, real-time complaint submission and
providing GIS-based, system-wide analysis tools (Yona et al., 2021). GIS is generally recognized
as a decision support system for integrating spatially referenced data (Zafirah et al., 2020). In
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addition, GIS geospatial analysis has been widely used for route design and selection, employing
the advantages of overlaying, and merging maps into network analysis (Balket & Asmael, 2021).
Graphic representation has been one of the most significant features presented by available
GIS technologies, making decision-making for urban planners much more informed and easier.
Transportation planning and modeling with GIS have made analysis convenient and accessible
since many real transportation problems can be analyzed, forecasted, and even simulated with GIS.
Studies have found that accessibility, transportation planning, transit network analysis, and social,
economic, and environmental implications can be evaluated. GIS can be used to ascertain the
“attraction nodes” (e.g., offices, tourist attractions, and hotels) within a broad area, and GIS
applications pertinent to the field of transportation engineering were developed to analyze the
impact of activity trips on regional transportation patterns (Farooq et al., 2018). The methodology
for transportation planning by applying both multicriteria analysis and GIS data analysis
considering different economic, infrastructure, environmental, technological, and other factors has
been insufficiently investigated (Farooq et al., 2018). More research is needed to fully understand
the capabilities of applying GIS techniques for urban transportation planning and incorporating
such technologies into decision-making organizations.
In addition, GIS techniques have also been used by different planning organizations to
create different analysis that could serve to identify the needs of vulnerable populations. Spatial
gaps are defined as places where service does not exist, or where existing service does not meet
the needs of the community. To better understand the transit need and transit supply, the gap
analysis uses a Transit Need Index (TNI) and a Transit Service Matrix (TSM). A need index was
developed to identify areas in high need of public transit services from economic and
sociodemographic information, and a composite accessibility index was developed to identify

12

levels of access to transit services and shortcomings in providing service. The need for transit
service was then modeled as the lack of transit accessibility, and the model correlated different
access indicators with their ability to predict transit service need (Al Mamun & Lownes, 2011).
Simultaneous recognition of transit needs and identification of spatial gaps in transit accessibility
can help a region provide more equitable transit service. A combined transit needs and transit
accessibility distribution can identify the areas most in need of transit service (Al Mamun &
Lownes, 2011).
Role of Metropolitan Planning Organizations (MPOs)

The United States Department of Transportation (USDOT) requires Metropolitan Planning
organizations (MPOs) to consider social equity in their plans and projects. Previous research shows
that most MPOs addressed civil rights issues in their Real-time Transport Protocols (RTPs),
typically relating to a plan’s goals and objectives and public participation or in discussions about
regional demographic trends. In addition, nearly one in four MPOs had produced a planning
document specific to environmental justice or civil rights issues (Martens & Golub, 2021). Finally,
it is important to recognize that MPOs, transit agencies, and local land-use decisions need
coordination and integration to make significant advancements toward overcoming imbalances
inhibiting livability access and optimization (Appleyard et al., 2019).
Some of the largest MPOs in the United States have incorporated the measurement and
evaluation of the equity impacts in their regional transportation plans, as shown in Table 1. Some
of these MPOs represent state of the art, given their size, related planning capacity of the
organizations, and history of community interest in these issues that have often pushed planning
organizations to improve their practices (Marcantonio et al., 2017). Some MPOs are more explicit
when it comes to equity analyses than others, for example, Los Angeles MPO uses proportionality
standards to assess mobility-related benefits. Similarly, San Francisco MPO has as the ultimate
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goal of the equity analysis to evaluate whether the project “has a beneficial impact on communities
of concern” and “whether communities of concern receive similar or greater benefit compared to
the remainder of the region” (Martens & Golub, 2021). On the contrary, some MPOs have
implicitly done that. To illustrate, Dallas MPO compares a mixture of equity standards with
different scenarios with regards to changes in the number of accessible jobs for communities of
concern and other areas. This shows that there is an existing and urgent need to use an equalization
standard based on best practices across all MPOs for their analyses.
Table 1. Equity Analyses of Accessibility Benefits for Selected Metropolitan Planning
Organizations
Metropolitan Planning
Organization
Southern California
Association of
Governments

Source
Benefit Analyzed
Travel Time Savings
Travel Distance Savings
Job-Housing Balance
Accessibility to Shopping and
Employment
Accessibility to Parks
Job Growth in EJ Areas

Chicago

Metropolitan
Transportation
Commission

Access to jobs from EJ Areas
Transportation Costs
Changes in Commute Trip Times
Changes in Non-Commute Trip Times
Access to Employment

Dallas
Average Travel Time

Houston

Access to Important Destinations

Atlanta

Jobs to Housing Ratio
14

Environmental Justice Appendix
(SCAG 2012)

Kopec Memo (Kopec 2010 )
Scenario Outcomes:
Environmental Justice (CMAP
2013a)
Scenario Outcomes: JobsHousing Access (CMAP 2013b)
Plan Bay Area: Equity Analysis
Report (MTC 2013)

Mobility 2035—2013 Update–
Social Considerations
(NCTCOG 2013a)
Mobility 2035—2013 Update–
Appendix B: Social
Considerations (NCTCOG
2013b)
2035 RTP Appendix C:
Environmental Justice (2007)
(Note: RTP was updated in 2011,
but EJ Analysis
Appendix C was not updated) (HGAC 2007)
Appendix C-3: Equitable Target
Areas Technical Analysis
Methodology (ARC 2012a)

Change in Accessibility to Jobs
Washington, D.C.
Average Accessibility to Jobs

Comparative Analysis of PLAN
2040 Investments in
Equitable Target Areas (ETA)
(2012b)
Changes in Accessibility for
Demographic Groups
(NCRTPB 2010a)
Environmental Justice (NCRTPB
2010b)
Travel Characteristics of
Demographic Groups (NCRTPB
2010c)

MPOs determine how public funds for transportation will be allocated, so these decisions will
directly impact residents’ quality of life and access to opportunities. Transit mobility is, therefore,
a complex interaction of land use, cost-effectiveness, and transit accessibility where the social and
economic development of a region is intricately tied to how residents utilize public transit
(McKetney et al., 2021). In addition to long-range transportation plans, there may be variations in
how MPOs integrate public health issues into their broader transportation planning activities
(Zwald et al., 2019).

Best Practices
The participation of citizens of a community in transportation planning has become a
widely accepted approach that aims to enhance urban development and their interests in facing
existing challenges. Nowadays, there is a wide availability of usable tools that have the extent to
reach broader groups of participants that serve planners in the decision-making process (KahilaTani et al., 2019). Many countries have legislated to adopt a participatory approach in all urban
and regional planning projects. While participation promotes justice and fairness, it also makes
the public’s preferences visible to decision-makers and increases the quality of decisions (Kahila-
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Tani et al., 2019). Among the various challenges is the fact that existing representational tools are
not
well-suited to allowing diverse stakeholders to understand, evaluate, and provide feedback on the
benefits and tradeoffs of decisions (Stewart et al., 2018). Transportation planning has shifted away
from being rigid toward a more collective, inclusive, and communicative approach. GIS used in
interactive participatory planning activities (in a ‘‘bottom-up’’ approach) can strengthen
participation, helping citizens better articulate and understand perceptions relevant to local
planning, especially by revealing spatial relationships, interconnections, and implications of values
and strategies (Stewart et al., 2018).
Transportation planning at a large scale presents three challenges for planners: larger areas
are more likely to have information gaps across the geography, they are more likely to be formatted
and quality-controlled differently in different jurisdictions, and traditional face-to-face meetings
are difficult to apply evenly across such a large area (Griffin & Jiao, 2019). Practices such as the
participatory approach help understand the problems faced by different sectors within a
community for a bottom-up input. Existing public transport planning methods use a trip-based
approach rather than a user-based approach, leading to neglecting equity (Ghasemlou et al., 2021).
Using a trip-based approach, the needs of users with more boarding frequency are overrepresented
in transport planning and modeling. In addition, some routes are used by more people overall, even
though the number of users is small on a daily basis (Ghasemlou et al., 2021).
Justice40 Initiative

Moving to the present, the Biden-Harris Administration has named racial equity and
addressing the climate crisis as immediate priorities and called on a whole-of-government
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approach to address two of the most important and urgent challenges faced by society (U.S.
Department of Transportation, 2021). On January 27, 2021, President Biden signed Executive
Order (EO) 14008, Tackling the Climate Crisis at Home and Abroad, creating the government
wide Justice40 Initiative. USDOT is currently identifying disadvantaged populations for Justice40
covered programs. Current research is being conducted by mapping tools and a list of funding
opportunities. DOT is providing a list of census tracts that meet the definition of Disadvantaged
Communities, as well as a mapping tool to assist applicants in identifying whether a project is
located in a Disadvantaged Community, available at Transportation Disadvantaged Census Tracts
(arcgis.com) (U.S. Department of Transportation, 2021). The indicators currently analyzed by the
Justice40 initiative are as follows: transportation access disadvantage, health disadvantage,
environmental disadvantage, economic disadvantage, resilience disadvantage and social
disadvantage.
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Chapter 2: Methodology

Study Areas and Data

This study applies GIS techniques to develop an analytical framework for the US mediumsize City of El Paso, Texas, which represents urban growth and population change trends. The
topography and weather of El Paso might make the land-use and transportation system and
resulting travel and activity behavior quite complex, especially due to the proximity to the USMexico border. The purpose of this study is to examine how accessibility patterns differ for
concentrated social groups within the proposed framework. Questions to be answered by this
study are the following:
•

What is the coverage of the public transportation system in the city of El Paso,
and how are vulnerable populations affected?

•

What are the geographic differences between demographic groups/indicators
to their accessibility to public transportation?

•

To what extent the use of GIS can aid in the public transportation decision
making process based on equity and environmental justice?

Data Resources

Data acquisition for this study was broken down into two categories: transportation data
and demographic data. The transportation data was retrieved from an open web source that collects
General Transit Feed Specification (GTFS) data and allows public transit agencies to publish their
data into GTFS format to be used on a wide variety of software. In addition, the demographic data
was retrieved from the United States Census Bureau American Community Survey (ACS) 5-year
estimates for 2019. Similarly, and in order to complement the selected indicators, datasets were
enriched with data from the United States Environmental Protection Agency (EPA) EJScreen tool
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for the year 2019, respectively. Detailed information about these data resources is provided in the
methodology section.

Description of Study Area

The City of El Paso, Texas, occupies an area of 671.46 km2. According to the 2020 United
States Census, El Paso had a population of 678,815, making it the 23rd largest city in the United
States. The City is recognized for being the second-largest majority Hispanic city in the United
States, with 82.1% of its population being Hispanic. In 2019, there were 5.1 times more White
(Hispanic) residents (453,000 people) in El Paso, Texas than any other race or ethnicity.
The city is situated along the Rio Grande across Ciudad Juarez, Mexico, the largest city in
the state of Chihuahua, with an approximate population of 1.5 million inhabitants. In addition, El
Paso also stands on the Texas – New Mexico border with Las Cruces, New Mexico being the
closest city with an approximate population of 220,000 people. Together, these three cities form a
combined international metropolitan area sometimes referred to as “Paso del Norte” or
“Borderplex,” as shown in Figure 1.
The Paso del Norte region has a transitional climate ranging from cold desert to hot desert.
The area experiences hot summers with little humidity with cold winters. Rainfall averages 8.8 in
per year, rain season typically is expected from June through September. The region experiences
severe storms, some of them producing floods across the region. It is also characterized by
experiencing high-intensity rains for a short duration compared to the rest of Texas, where rains
are usually low intensity for long periods. The city of El Paso is also known as “The Sun City”
due to its arid and windy climate which makes the area experience sand and dust storms during
the dry season.
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Figure 1. Paso del Norte Region (source: Google Earth)
Sun Metro

Sun Metro is a public transportation provider in the City of El Paso. Public transportation
in El Paso began in 1881 with a trolley service. This service used to operate between the cities of
Juarez and El Paso through mule-drawn trolleys. As technological improvements started hitting
the region, trolleys were replaced by electric streetcars which were also replaced by buses. Sun
City Area Transit (SCAT) was born in 1977 when the City of El Paso bought out the three existing
public transit lines, later, in 1987, citizens approved a one-half cent tax increase dedicated to
funding transit within the El Paso city limits. It was in that time then the transit system changed its
name from Sun City Area Transit to Sun Metro, which remains till present.
As of today, Sun Metro operates 166 Fixed Route Vehicles and 65 LIFT vehicles as shown
in Table 2 and Figure 2. Sun Metro currently serves more than 15 million passengers a year. Sun
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Metro also operates a large natural gas-fueled fleet, which at one time was the world’s largest
operating mass transit fleets.
Table 2. Sun Metro Service Routes

Sun Metro Service Routes
Area
Routes
Airport
33, 50
Downtown Circulators
4, SC
Westside
10, 11, 12, 13, 14, 15, 16, 19, 90, m
South Central
21, 24, 25, 26
North Central
32, 33, 34, 35, 36
Northeast
7, 35, 37, 43, 44, 46, 90, d
Eastside
7, 50, 51, 52, 53, 54, 56, 58, 59, 68, 72, 74, 90
Mission Valley
7, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 86, , 89, a
Express/Special
2, 5, 6, 7, 8, 59, 84, 90, a, d, m
County/New Mexico
10, 20, 30, 40, 50, 84, GR

Figure 2. SunMetro Service Routes
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El Paso Metropolitan Planning Organization (EPMPO)

As per federal regulations, areas having a population greater than 50,000 require the
creation and management of a Metropolitan Planning Organization (MPO). The MPO is
responsible for the preparation of the Metropolitan Transportation Plan (MTP), Transportation
Improvement Plan (TIP), Unified Planning Work Program (UPWP) and other documents that are
required by federal regulations.
El Paso Metropolitan Planning Organization was created in 1988 with the purpose of being
responsible for carrying out provisions of the federal regulations regarding Metropolitan
Transportation Planning and Programming. The MPO oversees regional transportation patterns in
relation to current and projected development. The MPO serves as the forum for cooperative
decision-making by principal elected officials in the El Paso Metropolitan Planning Area.
The EPMPO planning area is El Paso County, Texas, southern Dona Ana County, New
Mexico, and a small portion of Otero County, New Mexico. The planning area includes the
urbanized area (as defined by the U.S. Bureau of the Census) and the contiguous area that may be
reasonably expected to become urbanized in the next 20 years as shown in Figure 3.
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Figure 3. El Paso Metropolitan Planning Organization (EPMPO) Metropolitan Planning Area
(MPA) Source: EPMPO

One of the primary functions of the EPMPO, is to develop the Metropolitan Transportation
Plan (MTP) or Long-Range Transportation Plan (LRTP). In metropolitan areas, the transportation
plan is the statement of how the region plans to invest in the transportation system. Per the federal
regulations, the plan shall “include both long-range and short-range program strategies/actions that
lead to the development of an integrated intermodal transportation system that facilitates the
efficient movement of people and goods.” The EPMPO has developed a plan called “Destino
2045,” which addresses, for example:
•

Policies, strategies, and projects for the future.

•

A systems-level approach by considering roadways, transit, non-motorized
transportation, and intermodal connections.

•

Projected demand for transportation services over 20 years.
23

•

Regional land use, development, housing, and employment goals and plans.

•

Cost estimates and reasonably available financial sources for operation,
maintenance, and capital investments; and

•

Ways to preserve existing roads and facilities and make efficient use of the existing
system.

A multimodal needs assessment was included in Destino 2045 Metropolitan Transportation
Plan. In addition, demographic and employment growth were identified as a significant component
for future transportation needs to understand the future population and employment growth trends
for the region. Additional factors like household size and median income are major forces behind
travel behavior. 2015 American Community Survey (ACS) data displays the El Paso MPO
Region’s median household income to be roughly $36,800 and contains an average household size
of 2.92. The region’s median household income is lower in comparison to those of Texas ($53,207)
and New Mexico ($44,963), with concentrations of low-income households along the United
States-Mexico border, downtown El Paso, the Mission Valley, and in Dona Ana and Otero
Counties just north of the Texas state line. For this metropolitan transportation plan, the El Paso
MPO updated a community-driven demographic forecast that was originally developed for the
2040 Horizon MTP.
In addition to future population and employment growth, environmental justice
considerations are also a critical step in addressing a region’s transportation needs. Introduced to
metropolitan scale planning in 1994 by Executive Order 12898 and stemming from Title VI of the
Civil Rights Act, the regulation specifically seeks to:
•

Avoid or mitigate disproportionately high public health, socioeconomic, and
environmental effects on low-income and minority populations.

•

Locate and include all potentially impacted communities in the decision-making
process.

•

Prevent the denial or lack of receipt of benefits from the process by low-income
and minority populations.
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Accordingly, Destino 2045 utilized GIS analysis tools and 2015 American Community
Survey (ACS) data detailing households below the poverty line and limited English proficiency
(LEP) households. While the minority population is an important consideration in any
environmental justice analysis, the high concentration of the Hispanic population in the El Paso
region makes it difficult to consider this population in this analysis, since nearly the entire study
area would be designated as an environmental justice area based on minority population criteria.
As analysis progresses for Destino 2045, this inventory of environmental justice zones (EJZs) will
serve to identify and assess potential impacts created by proposed transportation improvements,
ultimately resulting in the development of mitigation strategies for the system.

El Paso Area Demographics and Transportation Statistics

The largest racial/ethnic groups in El Paso are Hispanic/Latino (82.7%) followed by White
(12.2%) and Black (3.1%). In 2019, the estimated median household income of El Paso households
was $47,568. However, 22.13% of El Paso families are considered low-income, whose income is
below poverty. The median age for El Paso residents is 32.9 years (United States Census Bureau,
2019). In addition, 32.17% of the population of El Paso is considered to have Limited English
Proficiency, that is, a population that speaks English less than “Very Well” as shown in Figure 4.
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Figure 4. El Paso, Texas – Demographics

Data collected by EPMPO statistics can be translated into common transportation indices.
The average travel time index for El Paso is 1.13 and the percentage of non-single occupant vehicle
travel time is 19.73%. Only 0.20% of El Paso’s residents commute by bicycle, 2.02% commute
by walking and 1.41% commute by transit, as shown in Figure 5. Overall, most of the population
of El Paso commutes by private vehicle, and only a small percentage uses public transport or other
methods such as biking or walking.

Figure 5. El Paso Transportation System Performance.
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Methodology

The proposed methodology consists of collecting both demographics and transportation
data for the analysis. Given the extensive availability of data nowadays, it is possible to navigate
and sort the information as needed compared to how it used to be. The first step was to collect
demographic data from the American Community Survey (ACS) that is available through the
United States Census Bureau website (https://www.census.gov/). In addition, data from the
Environmental Protection Agency EPA EJScreen (https://www.epa.gov/ejscreen) was also
downloaded to create a richer dataset containing not only demographic but also environmental
indicators. Once downloaded, the data was transferred to ArcGIS Pro for further processing. The
data was imported into ArcGIS Pro in the format of Shapefile (.gbd) and standalone tables. In
addition, the buffer analysis tool was utilized to assign names to the tables containing codes
through the metadata file. Once codes had been assigned to their corresponding titles, the tables
were merged with the shapefile to represent the numeric information with their corresponding
geographic location. Moreover, once data from the tables were joined to the shapefile and assigned
geographic coordinates, the symbology of each layer was changed into graduated colors with five
classes to represent and visualize the difference between each category.
Moving forward with the analysis, transportation data from El Paso’s Sun Metro was
downloaded in General Transit Feed Specification (GTSF) format from TransitFeeds
(https://transitfeeds.com/). The data was transferred to ArcGIS Pro by using the Network Analyst
Tools that convert GTSF data into lines and geographic points. This allowed the creation of bus
stations and routes in the ArcGIS Pro environment. Consequently, the Network Analyst Tools
were used to perform the transportation portion of the analysis and determine walking distance,
time, and ease of accessibility to stations. The criterion selected was walking distance towards
stations on a 0.5- and 1.0-mile cutoff.
Lastly, both demographic and transportation layers were overlapped to correlate the
demographic and environmental indicators to the geographic zones in the city. Data was extracted
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from ArcGIS Pro in the form of Excel tables to process and calculate totals and coverage.
Subsequently, with the results from the extraction and processing into Excel, the Location Quotient
(LQ) was calculated. The proposed methodology flowchart is shown in Figure 6.

Figure 6. Methodology Flowchart
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Chapter 3: Data Analysis

Datasets

General Transit Feed Specifications (GTFS) datasets were retrieved from transitfeeds.com,
an extensive archive of public transit data for software developers and transit agencies. The open
data source collects data from Sun Metro in the categories shown in Table 3. The data were used
for the analysis in combination with the Network Analysis using the Public Transit Data toolbox
offered by ArcGIS Pro.

Table 3. Sun Metro GTFS Attribute retrieved from TransitFeeds

Sun Metro GTFS
agency.txt
calendar.txt
calendar_dates.txt
Fare_attributes.txt
fare_rules.txt
feed.info.txt
routes.txt
shapes.txt
stop_times. Txt
stops.txt
transfers.txt
trips.txt

Demographics and Environmental Data Selection
The criteria followed for the collection of demographic and environmental indicators were
based on the Request for Information on “Transportation Equity Data (DOT-OST-2021-00560001) published in the Federal Register on May 13, 2021, from the American Association of State
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Highway and Transportation Officials (AASHTO) on the United States Department of
Transportation, as well as per the literature review and current Justice40 Initiaive. The
indicators/variables

chosen

represent

the

following

categories:

mobility,

means

of

transportation/mode, race, minority status, income, persons with disabilities, poverty, education,
environmental concerns, noise and air quality impacts and PM 2.5 concentrations.
The selected sources were the American Community Survey (ACS) retrieved from the U.S.
Bureau Census Bureau for the year of 2019, which was the most complete and recent dataset
available. In addition, data from EJScreen was compiled to complete both demographics and
environmental indicators. Data from EJScreen was also selected for the year 2019 respectively.
Lastly, data from EJScreen was retrieved from the Environmental Protection Agency (EPA) and
the United States Department of Transportation (USDOT) statistics.

American Community Survey (ACS) Data
Data from the American Community Survey (ACS) was retrieved for analyzing the
demographics of El Paso. The ACS is an ongoing survey that provides vital information on a yearly
basis about the nation and its people. Information collected from the survey generate data that help
determine how federal and state funds will be allocated each year by assessing the past and
planning for the future. The required datasets were downloaded from the United States Census
Bureau website (census.gov), which consisted of shapefiles and attribute tables containing social,
economic, housing, and demographic characteristics, as shown in Table 4.
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Table 4. American Community Survey (ACS) Data
ACS Data
Name
ACS_2019_5YR_TRACK_48.gdb
TRAC_METADATA_2019
X01_AGE_AND_SEX
X02_RACE
X03_HISPANIC_OR_LATINO_ORIGIN
X05_FOREIGN_BORN_CITIZENSHIP
X07_MIGRATION
X08_COMMUTING
X15_EDUCATIONAL_ATTAINMENT
X18_DISABILITY
X23_EMPLOYMENT_STATUS
X27_HEALTH_INSURANCE

File Type
Shapefile
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

EJScreen Data

EJScreen ( is an environmental justice mapping tool that provides the United States
Environmental Protection Agency (EPA) with a nationally consistent dataset and approach for
combining environmental and demographic indicators (https://www.epa.gov/ejscreen). This tool
is freely available to the public through: https://ejscreen.epa.gov/mapper/, it incorporates
recommendations from the National Environmental Justice Advisory Council (NEJAC). It is noted
that EJScreen data needs to be supplemented with additional information and local knowledge to
get a better understanding of the issues in a selected location. The list of datasets retrieved from
EJScreen indicators that will also be incorporated into the analysis next to the ACS datasets are
shown in Table 5.
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Table 5. EJScreen Indicators
EJScreen Indicators
Low-Income
Traffic Proximity and Volume
Particulate Matter 2.5
Air Toxics Respiratory Hazard
Index

These datasets were downloaded in a file geodatabase (.gdb) into ArcGIS Pro. The online tool also
uses ArcGIS which demonstrates the capability and wide application of GIS software to visualize
and perform analysis on a local, regional, and nationwide level. These indicators are described as
follows:
1. Low-income: the percent of the population in households where the income is less than or
equal to twice the federal “poverty level.”
2. Traffic proximity and volume: Count of vehicles (Average Annual Daily Traffic) at major
roads within 500 meters, divided by distance in meters, calculated from the 2019 U.S.
Department of Transportation (USDOT) traffic data.
3. Particulate matter 2.5: PM2.5 levels in air, µg/m3 annual average. Retrieved from EPA,
Office of Air and Radiation (OAR) fusion of model and monitor data.
4. Air toxics respiratory hazard index: Ratio of exposure concentration to a health-based
reference concentration. Retrieved from EPA Hazardous Air Pollutants.
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Limitations
As mentioned previously, the uniqueness and characteristics attributed to El Paso, TX
make data collection and analysis challenging. To begin with, the location of the Fort Bliss Military
Base right in the Northeast makes data acquisition difficult given that it is a federal facility with
limited access. The data retrieved from ACS and EJScreen might be incomplete or might not be
as accurate as compared as the rest of the city. In addition, given the complexity of understanding
an international metroplex, transit ridership from floating populations coming from Juarez, MX is
also a big factor that could impact the results, according to a study conducted by Galicia et al.,
2020, researchers estimated that the percentage of transit users coming from Ciudad Juarez,
Mexico, and using the Sun Metro transit system was approximately 10 percent (10.72 percent) of
the total border-crossing pedestrians at the PDN International Bridge during Sun Metro’s service
hours. This is only accounting one out of the three international bridges located within the urban
area of El Paso.
In addition, in a region where Hispanic population is larger than the median in the United
States, this makes the whole area an Environmental Justice Area (EJ Area), which according to
the Department of Environmental Protection (DEP), an EJ Area is defined as an area with 30
percent or more of the population identifying as a non-white minority. The proposed methodology
tried to account for Hispanic population as one of the groups selected for the analysis to observe
to what extent this predominant group in the area, has access to public transportation.

Demographics
After data from the ACS and EJScreen was downloaded, it was imported into ArcGIS Pro
to start the first phase of the analysis: demographics. The first step was to create a connection
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between the folder containing the ACS data and the ArcGIS Pro environment. The file named
“ACS_2019_5YR_TRACK_48.gbd” is a shapefile containing the geographic coordinates and
limits for the zip codes in the state of Texas. Once the file was opened, cleaning of the area of
interest was performed to reflect and isolate the zip codes that fall within El Paso County.
Consequently, the Bulk Assign Aliases – Script Tool was downloaded from the ArcGIS
Online library. The Bulk Assign Alises tool is a Python toolbox containing a script tool that can
bulk-apply field aliases from a lookup table in ArcGIS Pro. This tool was used to assign the
description from each code contained in the “TRAC_METADATA_2019” to each of the “XXX”
tables. After the aliases were assigned, the “ACS_2019_5YR_TRACK_48.gbd” file was joined to
each of the tables by georeferencing the data from the tables to a geographical location in the map
as shown in Figure 7. The symbology of each layer was then changed to graduated colors with five
classes to visualize and differentiate the distribution of demographic data in El Paso.

0 - 2,776
2,776 - 4896
4896 - 7,347
7,347 - 14,737
14,737 - 41,538

Total Population

0 - 2,453
2,456 - 4,317
4,317 - 7,112
7,112 - 12,246
12,146 - 35,121

White Population
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0 - 54
54 - 149
149 - 331
331 - 800
800 - 2,200

0 - 2,425
2,425 - 4,487
4,487 - 7,276
7,276 - 12,712
12,712 - 34,439

Hispanic Population

African American Population

0 - 26
26 - 71
71 - 130
130 - 255
255 - 424

Population that moved from abroad
(1 year and older)

0 - 13
13 - 40
40 - 71
71 - 129
129 - 253

Worker population using public
transportation (16 years and older)

8. - 17
17 - 33
33 - 61
61 - 114
114 - 222

Population with Bachelor’s degree
(18 years and older)

0 - 2,776
2,776 - 4,784
4,784 - 7,347
7,347 - 14,460
14,460 - 40,436

Civilian noninstitutionalized
population

0 - 2,367
2,367 - 3,875
3,875 - 5,942
5,942 - 10,056
10,056 - 26,757

Employment status population (16
years and older)

0 - 544
544 - 1,021
1,021 - 1,651
1,651 - 3,819
3,819 - 13,080

Low Income (income less than or
equal to poverty)
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6.50 - 7.46
7.46 - 8.00
8.00 - 8.36
8.36 - 9.84
9.84 - 12.87

0 - 423
423 - 1,195
1,195 - 2,902
2,902 - 5,684
5,684 - 10,394

Traffic proximity and volume

Particulate matter 2.5

0.24 - 0.36
0.36 - 0.42
0.42 - 0.45
0.45 - 0.53
0.53 - 0.92

Air toxics respiratory hazard
index

Figure 7. ACS Data Analysis on ArcGIS Pro

The total population in El Paso is evenly distributed to a certain extent, with some areas on
the West Side, North East, and East Side being more prominent. The least populated areas are
those on the far East Side such as Fabens and Tornillo. In addition, it was broken down into three
categories for further analysis into the White, African American, and Hispanic population. The
white population is evenly distributed with some areas on the Westside and Eastside being more
populated by this group and the far East side being less populated by this group. Consequently,
African American population concentrates mostly on the North East and Eastside, with the far East
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side being the least populated zone for this group. Lastly, the Hispanic population is concentrated
mostly on the West, East, and far East side with the North East side being the least populated area
for this group.
The population that moved from abroad to El Paso County concentrates mostly on the
Northeast side, credited partially to the Fort Bliss Military Base, which constantly receives people
from all over the country. The worker population (16 years or older) that uses public transportation
as their primary transportation mode concentrates on the Central and Eastside zones, whereas the
worker population that uses public transportation the least concentrates on the West, Northeast,
and far Eastside.
Moreover, the population (18 years and older) that has achieved at least a Bachelor’s degree
resides mostly on the Central, West, and East sides with the far East side being less populated by
individuals with at least a Bachelor’s degree. The civilian noninstitutionalized population is more
prominent on the West and East side with the Central and far East sides being less predominant.
Zones with the most population being classified as workers (16 years and older) are concentrated
mostly on the West and East sides. The population considered as low income, which is income
less than or twice equal to poverty concentrates mostly on the far Eastside, Central and Lower
Valley apart from some areas on the Westside.
Moving forward with environmental indicators, when it comes to traffic proximity and
volume, the areas that have the largest count of vehicles concentrate on the Central area of El Paso,
specifically alongside Interstate 10 (I-10) and moves up north to the Northeast through US Route
54 (US 54). When it comes to particulate matter 2.5, the Central and West sides are the most
affected areas by this air pollutant that is a concern for people’s health. When the levels are high,
these particles in the air tend to reduce visibility and cause the air to appear hazy when levels are
37

high. Lastly, the air toxics respiratory hazard index is the highest in the Central and far East sides
of El Paso. The pattern is similar to the traffic proximity, where the zones with the highest index
are those close to the I-10.

Network Analyst

Consequently, after collecting and performing the demographics data analysis, the GTFS
data collected previously was imported into ArcGIS Pro. The first step was to convert the points
from the stops.txt files into a geographically located point in the map. The GTFS Stops to Features
tool was utilized for this portion; after the tool was used, all the bus stops were represented on the
map. Similarly, the GTFS Shapes to Features was utilized to convert the data from stops.txt into
the bus routes on the map. Once both layers were combined, the whole Sun Metro system could
be graphically seen in regard to routes and stops throughout the area of interest, as shown in Figure
8.

38

Figure 8. GTFS Stops to Features

Once all stops and routes were overlayed, five shapefiles were created in order to extract a
certain number of points (stops), as shown in Figure 9. Each of these group points shall not exceed
1,000 since this is one of the constraints for the Network Analyst tools. Consequently, the points
were converted into a raster dataset using the Point to Raster tool; once the points were converted
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into raster points, the Extract by Mask was used with the intention of extracting cells of a raster
that correspond to areas defined by a mask. This tool was run five times for each of the
corresponding shapefiles that were previously created. The next step was to convert the raster set
back into the point format using the Raster to point tool. By doing this, the whole set of points
(stops) was broken down into smaller datasets to proceed with the rest of the network analysis
without exceeding 1,000 points per dataset.

Figure 9. Shapefile Boundaries for Point Extraction

Finally, the Network Analyst tool was used. The criteria selected for analysis purposes was
the mode of walking distance towards facilities with cutoffs of 0.5- and 1-mile distance. This tool
was run five times corresponding to the five datasets to create a complete network covering the
whole Sun Metro public transportation system, as shown in Figure 10.
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Figure 10. Walking Distance Towards Facilities with Cutoffs of 0.5 and 1 Mile.
Moreover, all the layers containing both: demographics and transportation data were
combined to compare the accessibility to public transportation to different vulnerable groups
within the city of El Paso as shown in Figure 11.

Total Population

White Population
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Hispanic Population

African American Population

Population that moved from abroad
(1 year and older)

Worker population using public
transportation (16 years and older)

Population with Bachelor’s degree
(18 years and older)

Civilian noninstitutionalized
population
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Employment status population (16
years and older)

Low Income (income less than or
equal to poverty)

Traffic proximity and volume

Particulate matter 2.5

Air toxics respiratory hazard
index

Figure 11. Demographic and Environmental Indicators and Accessibility on ArcGIS Pro

To better understand the trends and patterns for the selected indicators for the analysis,
Table 6 was created as shown below. Table 6 shows the population total for each indicator as well
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as the total population not having access to a bus stop within a 1-mile walking distance extracted
from the ArcGIS Pro analysis portion. The highest percentage obtained was for the Low-Income
population, where 18.90% of the total population belonging to this group does not have access to
a bus stop within 1 mile. Consequently, indicators such as Population that Moved from Abroad
resulted in 11.64%, Population with at least a Bachelor’s Degree resulted in 9.40% and Hispanic
Population 9.18%. The rest of the indicators as well as the percentages can be found in Table 6.
Table 6. Total Indicators and Percentage for Accessibility
Demographic/Environmental
Indicator
Total Population
White Population
African American Population
Hispanic Population
Population that Moved from
Abroad (1 year and older)
Worker Population Using Public
Transportation
Population with at least a
Bachelor's Degree
Civilian Non-institutionalized
Population
Employment Status Population
(16 years and older)
Low Income
Proximity to Traffic

Total

Percentage

836,062
666,059
27,876
690,273
8,816

Without Access
( 1 mile cutoff)
74,898
58,658
1,657
63,412
1,026

4,320

142

3.24%

2,265

213

9.40%

130,718

11,145

8.53%

632,578

54,610

8.63%

401,823
409,394.90

75,962
8,843.85

18.90%
2.16%

8.96%
8.81%
5.94%
9.18%
11.64%

Similarly, Figure 12 was created to graphically represent the results obtained from Table
X. It presents the percentage of the population having access to a bus stop within 1 mile in blue
overlayed with the percentage of people not having access in orange. When combined graphically
on the bar chart, the addition of both percentages equals 100%.
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100%

Percentage

95%
90%
85%
Without Access ( 1 mile cutoff)

80%

Total

75%

Demographic/Environmental Indicator

Figure 12. Indicators and Percentage for Accessibility

Indicators such as particulate matter 2.5 and the air respiratory hazards index had to be analyzed
separately since their results do not reflect the population. The units for particulate matter are
expressed in µg/m3; the annual average for the City of El Paso was 8.17 µg/m3, whereas the annual
average for areas not being able to access a bus stop within 1-mile walking distance is 7.70 µg/m3.
The air respiratory hazard index for the entire city was calculated as 0.41, the same index but for
the population not having access to a bus stop with the previously described parameters was 0.38.
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Location Quotient

Quantitative methods such as the location quotients (LQs) are helpful for screening
potential disparate impacts to identify conditions that may require additional investigation. For this
equity-driven data analysis, the demographics and environmental indicators were compared within
the five zones selected previously: Eastside, Far Eastside, Northeast, Westside and Central, El
Paso. The demographics/indicators within these zones were compared with a more general
population, in this case, the whole El Paso area. The LQs are broadly adopted factors within MPOs
to validate their findings and obtain input as to why the disproportionate impacts are occurring.
Therefore, LQs screen for potentially disparate impacts of indicators that are associated with
particular geographic areas. LQs compare the concentration of underserved persons in an affected
geographic area to see if the demographics of the affected population closely resemble the
demographic makeup of the regional population (as discussed in Crenshaw Subway Coalition v.
LACMTA).
To calculate the location quotient, the following formula has to be applied, taking into
consideration the study area as the impact area, and the broader region as the reference area:

[

]

=
[

]

Equation 1. Location Quotient

The results obtained from the LQ can be interpreted as follows:
•

If the LQ equals one (LQ=1), it indicates that the population within the study area
is the same as that of the broader region. This also means that there are equal
proportions of underserved persons in the study area and the reference area.
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•

If the LQ is greater than one (LQ>1), it indicates that underserved persons are
concentrated in the study area relative to the reference area. This also means that if
the study area represents a burden (high-risk exposure), then LQ>1 signifies a
disproportionate adverse impact.

•

If the LQ is less than one (LQ<1), it indicates that there are fewer underserved
persons in the study area relative to the reference area.

The first step in calculating the LQ for this analysis was to calculate the ratio of the total
number of persons in each of the selected categories without access to a bus station within 1-mile
walking distance, over the total number of persons in that demographic or environmental indicator,
which would serve as the reference area portion of the equation that will complement the rest of
the calculations as shown in Table 7.

Table 7. Reference Area: El Paso, Texas
El Paso
Demographic/Environmental Indicator
Total
Without Access Total/Without Access
Total Population
836,062
74,898
0.09
White Population
666,059
58,658
0.09
African American Population
27,876
1,657
0.06
Hispanic Population
690,273
63,412
0.09
Population that Moved from Abroad (1 year and older)
8,816
1,026
0.12
Worker Population Using Public Transportation
4,320
142
0.03
Population with at Least a Bachelor's Degree
2,265
213
0.09
Civilian Non-institutionalized Population
130,718
11,145
0.09
Employment Status Population (16 years and older)
632,578
54,610
0.09
Low Income
401823
75962
0.19
Proximity to Traffic
409394.90
8843.85
0.02

Consequently, the location quotient for each of the selected areas was calculated following
the same technique applied in the previous step. This time, the ratio was calculated of the total
number of persons in each of the selected categories without access to a bus station within a 1mile walking distance, over the total number of persons in that demographic or environmental
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indicator, which would serve as the study area. Lastly, the location quotient was calculated by
diving the ratio from step two over the ratio of step 1 accordingly.
With the previously mentioned steps and criteria, the location quotient for the selected
areas was calculated. For the Eastside, the LQ for the total population not having access to public
transportation compared to the reference zone, the city of El Paso, came out to be 3.11, meaning
that there is a disproportionate adverse impact for population not having access to public
transportation with a 1-mile walking distance to a bus stop. The LQs were also greater than one
(LQ>1) for several other indicators, the highest one being 7.10 for African American Population
and 7.00 for Worker Population using Public Transportation. The LQs were less than one (LQ<1)
for two indicators: Low Income at 0.25 and Proximity to Traffic at 0.14. The results for the rest of
the indicators are shown in Table 8.

Table 8. Location Quotient - Eastside

Demographic/Environmental Indicator
Total Population
White Population
African American Population
Hispanic Population
Population that Moved from Abroad (1 year and older)
Worker Population Using Public Transportation
Population with at Least a Bachelor's Degree
Civilian Non-institutionalized Population
Employment Status Population (16 years and older)
Low Income
Proximity to Traffic

Eastside
Total
Without Access Total/Without Access
349009
97,115
0.28
290368
79,050
0.27
11461
4,838
0.42
285227
75,763
0.27
3385
1,329
0.39
1230
283
0.23
1065
229
0.22
54687
13,414
0.25
254735
66,381
0.26
158465
7567
0.05
140143.30
419.10
0.00

Location Quotient
3.11
3.09
7.10
2.89
3.37
7.00
2.29
2.88
3.02
0.25
0.14

Similarly, and by applying the same principles, the location for the Far eastside region was
calculated. The highest LQ was obtained for Proximity to Traffic as 19.95, this was also the highest
LQ found in the analysis. Low-Income population LQ was obtained as 3.27. This area, as
mentioned previously, is highly populated by a low-income population. These results show that
this group is at a disadvantage when it comes to accessing bus facilities. The lowest LQs (LQ<1)
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were obtained for African American population as 0.37, Worker Population Using Public
Transportation as 0.51, Population with at least a Bachelor's Degree as 0.73, and Population that
Moved from Abroad a 0.73. The list of results for the rest of the indicators is shown in Table 9.

Table 9. Location Quotient – Far eastside

Demographic/Environmental Indicator
Total Population
White Population
African American Population
Hispanic Population
Population that Moved from Abroad (1 year and older)
Worker Population Using Public Transportation
Population with at Least a Bachelor's Degree
Civilian Non-institutionalized Population
Employment Status Population (16 years and older)
Low Income
Proximity to Traffic

Far East
Total
Without Access Total/Without Access
171940
22,898
0.13
131535
18,313
0.14
1101
24
0.02
165133
22,072
0.13
1079
92
0.09
772
13
0.02
249
17
0.07
25889
3,691
0.14
130760
16,494
0.13
76750
47407
0.62
8218.51
3541.18
0.43

Location Quotient
1.49
1.58
0.37
1.45
0.73
0.51
0.73
1.67
1.46
3.27
19.95

The LQs for the Northeast study area were also calculated as per the proposed
methodology. The highest LQ was obtained for African American population as 4.56. This area as
per the demographic analysis, is the one with the highest concentration of African American
population, which indicates that this demographic group is at a disadvantage in terms of
accessibility to bus stops. Worker Population Using Public Transportation obtained a location
quotient equivalent to 1 (LQ=1), which indicates that the Worker Population Using Public
Transportation in the Northeast has the same pattern and behavior as the overall population. The
lowest location quotients (LQ<1) were obtained for the Low-Income population as 0.40,
Population with at least a Bachelor’s Degree as 0.76 and lastly, Proximity to traffic as 0.82. The
list of results for the rest of the indicators is shown in Table 10.
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Table 10. Location Quotient – Northeast

Demographic/Environmental Indicator
Total Population
White Population
African American Population
Hispanic Population
Population that Moved from Abroad (1 year and older)
Worker Population Using Public Transportation
Population with at Least a Bachelor's Degree
Civilian Non-institutionalized Population
Employment Status Population (16 years and older)
Low Income
Proximity to Traffic

Northeast
Total
Without Access Total/Without Access
145878
29,781
0.20
109534
21,605
0.20
12500
3,386
0.27
99188
17,195
0.17
2324
353
0.15
702
23
0.03
418
30
0.07
20930
4,522
0.22
109741
21,889
0.20
66847
5080
0.08
46432.09
819.50
0.02

Location Quotient
2.28
2.24
4.56
1.89
1.31
1.00
0.76
2.53
2.31
0.40
0.82

The LQs for the Westside zone were calculated, none of which was less than 1 (LQ<1).
The highest LQs for this area were obtained for African American Population as 3.55, Civilian
Non-Institutionalized Population as 3.01, and Hispanic Population as 2.94. The lowest LQ was
obtained for the Low-Income group as 1.08, meaning that this demographic group has almost the
same representation in terms of accessing a bus stop within a 1-mile walking distance when
compared to the rest of the City. This is also in part because this area of the City is the one with
the least concentration of Low-Income residents. The list of results for the rest of the indicators is
shown in Table 11.
Table 11. Location Quotient – Westside

Demographic/Environmental Indicator
Total Population
White Population
African American Population
Hispanic Population
Population that Moved from Abroad (1 year and older)
Worker Population Using Public Transportation
Population with at Least a Bachelor's Degree
Civilian Non-institutionalized Population
Employment Status Population (16 years and older)
Low Income
Proximity to Traffic

Westside
Total
Without Access Total/Without Access
115632
29,035
0.25
89699
20,957
0.23
1376
290
0.21
87119
23,509
0.27
818
309
0.38
514
25
0.05
296
73
0.25
19464
4,995
0.26
88936
22,279
0.25
50768
10384
0.20
29087.83
2074.55
0.07
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Location Quotient
2.80
2.65
3.55
2.94
3.25
1.48
2.62
3.01
2.90
1.08
3.30

The LQs for the Central area of El Paso were also calculated as mentioned previously.
Location quotients greater than one (LQ>1) were obtained for the Population with at least a
Bachelor’s degree as 3.67, African American Population as 1.66 and Worker Population using
Public Transportation as 1.28. The lowest LQ was obtained for Proximity to Traffic as 0.15, even
though major highways such as the I-10, most of the streets within this area are city/local streets.
The 1-10 extends throughout the extent of El Paso from the westernmost point all the way to the
easternmost end. US-54 is also located along the areas within the Central zone; however, this major
highway starts at the US-Mexico border and continues all the way to the Texas-New Mexico
border in our area of interest. The list of results for the rest of the indicators is shown in Table 12.
Table 12. Location Quotient – Central

Demographic/Environmental Indicator
Total Population
White Population
African American Population
Hispanic Population
Population that Moved from Abroad (1 year and older)
Worker Population Using Public Transportation
Population with at Least a Bachelor's Degree
Civilian Non-institutionalized Population
Employment Status Population (16 years and older)
Low Income
Proximity to Traffic

Central
Total
Without Access Total/Without Access
53911
1,920
0.04
41010
1,011
0.02
1237
122
0.10
48680
1,458
0.03
1168
140
0.12
1045
44
0.04
223
77
0.35
9009
139
0.02
44297
1,705
0.04
48993
4398
0.09
185513.18
619.19
0.00

Location Quotient
0.40
0.28
1.66
0.33
1.03
1.28
3.67
0.18
0.45
0.47
0.15

To summarize the results obtained from the LQs in the areas of interest, Table 13 was
created as shown below. Out of the eleven indicators used for this portion of the analysis, the
Eastside obtained the highest LQs for 6 of them, which means that this area faces disparities in
more than 50% of the demographic/environmental indicators selected for the study. Consequently,
both the Westside and the Far East obtained the highest LQs for two indicators respectively. Lastly,
the Central area consisted of only one out of the eleven highest LQs.
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Table 13. Highest Location Quotient by Area

Demographic/Environmental Indicator
Total Population
White Population
African American Population
Hispanic Population
Population that Moved from Abroad (1 year and older)
Worker Population Using Public Transportation
Population with at Least a Bachelor's Degree
Civilian Non-institutionalized Population
Employment Status Population (16 years and older)
Low Income
Proximity to Traffic
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Highest LQ
Eastside
Eastside
Eastside
Westside
Eastside
Eastside
Central
Westside
Eastside
Far East
Far East

Chapter 4: Conclusion
As the world is constantly changing and continues to evolve, everything around it does the
same. The problems faced nowadays are not the exact same problems faced years ago. Modern
problems require modern solutions, thanks to technological development, solving some of the
issues that are still persistent within our societies can be tackled from a different approach.
Transportation is an essential need for human beings to be able to succeed in our society not only
because it allows the movement of people from point A to point B, but also because it allows the
movement of services, goods, and access to health, employment, education, and other
opportunities. Not only the current but also the historic transportation system has oftentimes left
vulnerable populations aside, especially low-income, and underserved populations. All the modes
of transportation, specifically public transportation, should be optimized and planned to increase
the percentage of accessibility and maximize the benefit offered to the public. If transportation
planning fails to provide equitable access to its users, this problem can escalate and aggravate.
While inequality is shaped in different ways and forms, this research focused on how the
geography and demographics of a city experience inequality and accessibility to public bus
stations. Public policymaking needs to take more significant action to address disparities because
equitable societies promote well-being, social growth, increased quality of life, and ultimately,
economic growth. Modern public transportation planning should challenge any traditional
methods, and public agencies and decision-makers should take into consideration that by
addressing inequality, long-term benefits are created. However, equity must be the key factor in
driving these decisions and making the needed changes. Decision-makers should be aware that
private activities need to be regulated since, these activities are mostly based on economic profits,
leaving equity factors aside.
Inequality needs to be understood and studied from the roots to be able to make a more
efficient transportation system. Each place faces different challenges besides its demographic
composition. Factors such as geographic location and climatic conditions are also important factors
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to consider. If done, there are existing benchmarks and policies that need to be adopted by
transportation agencies, each place needs to satisfy its own needs and address equity accordingly.
If one of the ultimate goals for transportation is to provide high levels of accessibility, then
agencies should develop accessibility measures to play a more active role in the analysis and
planning of such systems.
It is important to recognize that MPOs, transit agencies, state and federal authorities need
coordination and integration to make significant advancements in public transportation planning.
These entities work hand in hand when it comes to decision-making and funding; the same process
should be followed when adopting new standards and taking active actions against ending
inequality and advancing social equity. The advancement of transit stations, modification, and
creation of routes and corridors should be aimed toward higher levels of opportunity access,
relying not only on the transportation system but also on the local and regional process toward
coordinating urban transportation and design planning. Policymakers should identify opportunities
within new transportation technologies that will not only aid in advancing equity in transportation
but that will also reduce congestions and emissions, while expanding services to underserved areas.
Shared mobility systems such as Uber and Lyft should also be encouraged with incentives to serve
vulnerable population areas and rather than being seen as competing services, they could be seen
as complementary. Similarly, and as mentioned previously, micro-mobility complements such as
bikes and scooters should be seen as a compliment rather than as a competence. These tools support
the main public transport network and allow users to access transport stations easily, especially
when it comes to a large area. The ultimate goal for this is to increase accessibility to public
transportation.

One important factor to keep in mind is that to ensure that future transportation technology
is equitable and efficient, the first step is to implement policies before adopting such technologies.
A crucial aspect in developing these policies is the ability to measure inequality and equity through
diverse indicators to include minorities and vulnerable groups. Vertical equity should be given
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greater importance since it requires that disadvantaged populations be identified and given special
consideration during the planning process. Moreover, this also includes the allocation of resources
to specific areas that have particular needs regarding the population and their living conditions due
to demographic characteristics and geographic location within a zone. The learning process should
be dynamic, given that cities and populations grow constantly.
Although there are several tools and technologies available that could be combined for
public transportation planning, there is still a great potential to develop wide-scale models combing
land use, weather, events, specific day and time, and other data sources to better understand and
visualize different scenarios. In addition to technologies, user input should also be taken into
consideration to improve the planning process and compile as much information as possible. In
addition, cross-cutting research is needed to explain the applicability of tools and techniques
adopted for the mentioned process, important factors such as spatio-temporal relationships
between origin and destination choice, transit users' transfer choice and mode choice. Similarly, to
improve the public transportation service, more research is needed to determine the relationship
between passenger travel demand and performance indicators such as quality of service, waiting
time, and of course, accessibility.
The location quotients obtained in this study can be improved in different ways. A more
complex and precise analysis should include the Level of Service (LOS) of transport, considering
routes, destinations, speed, frequency, and schedules. This study can also be expanded by taking
different considerations into account such as ease of access, ease of information, ADA accessibility
and pedestrian accessibility. By having comprehensive datasets and analysis results, the
performance of public transportation could be measured compared with other modes of
transportation, accounting for inclusion, accessibility, travel time, etc.
Transportation, as everything in the current society, is in the midst of a rapid
transformation. The purpose of this study was to identify factors and indicators from historically
transportation disadvantaged populations. We have the power, tools, and resources to improve
mobility for those excluded from the transportation planning process or discriminated against.
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Adopting new policies will ensure the preservation of an inclusive system that is both, equitable
and environmentally sustainable and will have a greater impact on the improvement of the
economy, social welfare, and the overall quality of life.
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Glossary
AASHTO – American Association of State Highway Transportation Officials
ACS - American Community Survey
EPA – Environmental Protection Agency
EPMPO – El Paso Metropolitan Planning Organization
GIS – Geographic Information Systems
GPS – Geographic Positioning Systems
GTFS – General Transit Feed Specifications
ICT – Information and Communication Technology
LOS – Level of Service
LQ – Location Quotient
LRTP - Long-Range Transportation Plan
MPO – Metropolitan Planning Organization
MTP - Metropolitan Transportation Plan
NEJAC – National Environmental Justice Advisory Council
PTA – Public Transportation Accessibility
TLC – Transportation/Land Use Coordination
USDOT – United States Department of Transportation
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Engineering program. Gerardo started working with Jacobs Engineering Group, the largest
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